Background
Results
EHPC was found in 121/1506 (8.0%) patients. HCC patients with EHPC were older, more likely to be classified as Child-Pugh A, less likely to have viral hepatitis B or C, more likely to be single, had early stage HCC and received curative therapy for HCC. The OS did not significantly differ between the patients with and without EHPC(p = 0.061). However, significantly higher HCC-specific survival was observed in patients with EHPC (p<0.001), and a higher rate of non-HCC mortality was demonstrated in patients with EHPC (54.4% vs 9.3%). The subgroup analysis revealed better OS in patients with EHPC who were older than 65, had viral hepatitis B or C, had non-stage 1 HCC, had non-early stage BCLC and received non-curative therapy. Conversely, patients with HCC stage 1 who received curative therapy exhibited worse OS if they also had EHPC. The analysis of recurrence after curative therapy showed no difference between the two groups.
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Introduction
Hepatocellular carcinoma (HCC) is the third leading cause of cancer death worldwide, with an estimated 598,000 deaths every year [1, 2, 3] . Several treatment strategies, including surgery, local ablation therapy to cure HCC, trans-arterial chemoembolization, and target therapy to control unresectable HCC, can be used in patients with HCC [4] . Combination treatment has also been studied in the setting of HCC but has only exhibited limited effects [5] . Disease status, including tumor stage, size, number and vascular invasion, was associated with the survival of patients with HCC [6, 7] . Moreover, liver reserve function, socioeconomic status, and co-morbidity have also been shown to play important roles [8, 9, 10, 11, 12] . Improvements in anti-cancer treatments have prolonged the survival of individuals diagnosed with cancer, but this prolonged survival has also led to an increased risk of secondary primary malignancy. Specifically, concurrent extra-hepatic primary cancer (EHPC) represents a growing clinical challenge and may also influence the prognosis of patients with HCC [13] . Initial reports from a Japanese cohort demonstrated that a concurrent additional primary malignancy was not rare in patients with HCC and that the prognoses of these patients did not differ from those of patients without EHPC after HCC resection [14] . Another study in a Western cohort also demonstrated that males and older patients were more likely to harbor an EHPC [15] . However, survival did not differ between patients with EHPC and patients without EHPC.
Because of the significant variation in the distribution of chronic viral hepatitis and its association with HCC, the mechanism of carcinogenesis and the clinical presentation of patients with HCC differ by region [16] . To the best of our knowledge, the currently reported studies of HCC and EHPC were conducted in countries and regions with a low to intermediate incidence of HCC, and the presentation of HCC with EHPC in an area where HCC is highly prevalence as never been reported.
In the present study, we aimed to investigate the occurrence of EHPC in a large cohort of Taiwanese patients with HCC and clarify its clinical features, impact on patient survival and HCC recurrence.
Patients and methods
The present study was a retrospective analysis of a cancer registration database at a tertiary hospital in Southern Taiwan. All patients with cancer must be registered in the database upon diagnosis at our hospital. We enrolled patients who were registered with HCC in the cancer registration database from January 2008 to December 2012. At our hospital, the diagnosis of HCC must meet at least one of the following criteria: 1) at least two radiological imaging assessments showing the typical features of HCC (early enhancement in the arterial phase and early wash-out in the portal venous phase), 2) one radiological imaging assessment showing the typical features of HCC associated with a serum alpha fetoprotein (AFP) level greater than 400 ng/mL, or 3) cytological/histological evidence. The diagnosis of HCC must have been confirmed by an HCC expert group for each patient. EHPC was diagnosed based on pathology and must have also been confirmed by our expert group of each primary cancer. Once each of the cancers was diagnosed, we must also register the cancer diagnosis and cancer stage to National Cancer Registration. Each patient's geographic data, including gender, age, etiology, Child-Pugh score, AFP level, tumor number, tumor size, tumor TNM stage and Barcelona clinic liver cancer (BCLC) stage, were available from the database. The initial treatment, the tumor response (recurrence status after curative therapy) and the survival status could also be obtained from the database. In the present study, all the malignancy including HCC, EHPC received standard anti-tumor therapy according to the management guideline of our hospital.
The endpoints of the study included overall survival (OS, the period after HCC diagnosis until death or loss to follow-up), HCC-specific survival (the period after HCC diagnosis until death related to liver/HCC or loss to follow-up), and HCC recurrence (the period after curative therapy for HCC until the occurrence of recurrence). Once the death was confirmed in the hospital, the certification was provided and the death including causes of death was also reported to National Death Registration. The direct cause of death was ascertained by the ICD code of the direct cause of death on the death certificate. We determined HCC-or non-HCCspecific death by the ICD code. The recurrence of HCC was recorded in the database, which was confirmed by the clinical care physician. The final follow-up date for outcome assessment was December 31, 2014. For the patients who did not return to hospital in the scheduled period, we would get in touch the patients by telephone and confirm the status of patients. For the patients we could not get in touch, we set the patient as survival with the final date of visiting.
The study was approved by the Ethics Committee of Kaohsiung Medical University Hospital. (KMUHIRB-EXEMPT(II)-20160064) This study analyzed only aggregated secondary data without identifying specific patients, and the study protocol conformed to the ethical standards established by the 1964 Declaration of Helsinki, which waives the requirement for written or verbal patient consent in data linkage studies.
Statistics
Continuous variables are expressed as the median, 25th percentile and 75th percentile, and the Mann-Whitney U test was used to compare continuous variables. Numbers and percentages were used to describe the distribution of categorical variables. Chi-squared and Fisher's exact tests were used to compare categorical variables. Survival was analyzed with the Kaplan-Meier actuarial curve method with the log-rank test and the Cox regression hazard model. All tests were two-sided, and p <0.05 was considered significant. All analyses were performed using the SPSS 17.0statistical package (SPSS Inc., Chicago, IL, USA).
Results
A total of 1506 patients who were diagnosed with HCC from 2008 to 2012 were enrolled. EHPC was found in 121 (8.0%) of the 1506 patients with HCC. Table 1 shows the clinical characteristics of all patients, with and without EHPC. The median age of all patients was 63.0 years, and nearly 70% of the patients were male. Seventy-three percent of the patients had compensated liver reserve function, and the primary etiology of HCC was viral hepatitis B or C. The median alpha fetoprotein (AFP) level was 46.6 ng/mL, and an AFP level ! 400 ng/mL was found in only 30.5% of the patients. Nearly 48% of the patients had HCC with only one tumor. The median size of the largest HCC was 4.0 centimeters (cm), and 38.5% of the patients had HCC tumors larger than 5 cm. Early stage HCC of TNM stage 1 and BCLC stage 0/A was noted in 39.7% and 40.0% of all patients, respectively. Five hundred three (33.4%) of the 1506 patients received curative therapy, including surgery and radiofrequency ablation (RFA), for HCC.
Compared to the patients without EHPC, the patients with EHPC were significantly older (67.0 vs 63.0 years old, p = 0.011), had a higher incidence of compensated liver reserve function (87.6% vs 71.8%, p <0.001), had a lower incidence of viral hepatitis B or C etiology (75.2% vs 83.6%, p = 0.023), had a higher incidence of single HCC (58.7% vs 46.6%, p = 0.013), had smaller tumors (3.2 vs 4.0 cm, p = 0.025), had a higher incidence of TNM stage 1 HCC (52.1% vs 38.6%, p = 0.005) and were more likely to have received curative therapy (42.1% vs 32.6%, p = 0.035).
Of the 121 patients with EHPC, 92 (76.0%) patients harbored pre-existing EHPC before HCC diagnosis, and the remaining 29 (24.0%) patients developed EHPC after the diagnosis of HCC. Table 2 demonstrates the origins of the EHPC. The most common origin of EHPC was the digestive organs (32.2%), followed by the urinary tract and male genital organs (21.5%), and the lip, oral cavity and pharynx (19.8%). The other origins account for only one-fifth of EHPC. OS did not significantly differ between the patients with EHPC and the patients without EHPC (p = 0.061) (Fig 1A) , but the HCC-specific survival rate was significantly higher in patients with EHPC than in patients without EHPC (p <0.001) (Fig 1B) .
Moreover, the data indicated that significantly more patients with EHPC died due to a nonliver/HCC etiology (37/68, 54.4%vs80/860, 9.3%, p <0.001). We further compared survival between the patients with EHPC before and after HCC diagnosis. The results revealed a significant difference in the OS between patients with EHPC and without EHPC after HCC diagnosis (p = 0.041). However, OS did not differ before and after HCC diagnosis among patients with EHPC (p = 0.117) or between patients with EHPC and without EHPC before HCC diagnosis EHPC (p = 0.331) (Fig 2A) . The analysis of HCC-specific survival demonstrated significant differences between the patients with EHPC and without EHPC before HCC diagnosis (p = 0.007) and after HCC diagnosis (p = 0.006). However, HCC-specific survival did not differ before and after HCC diagnosis among the patients with EHPC (p = 0.133) (Fig 2B) .
We analyzed the factors associated with overall and HCC-specific survival using the Cox regression hazard model. The overall survival. The multivariate analysis adjusted the significant factors in the univariate analysis and with EHPC revealed that EHPC was not associated with overall survival, either with EHPC before (Adjusted Model 2) or after HCC diagnosis (Adjusted Model 3). (Table 3) For HCC-specific survival, the univariate analysis showed that female gender , p = 0.006), were all associated factors. However, EHPC either before or after HCC diagnosis was no more associated with HCC-specific survival in the multivariate analysis. (Table 4) We further analyzed the impact of EHPC on OS and HCC-specific survival according to different parameters. Although OS did not differ among the entire patient population, OS was better among patients with HCC and EHPC than among patients without EHPC who were aged older than 65 years (p = 0.022), had an etiology of viral hepatitis (p = 0.015), were diagnosed with HCC stage greater than 1 (p = 0.007), were categorized as BCLC intermediate/ advanced stage (p = 0.015) and received non-curative therapy (p = 0.006) ( Table 5 ). In contrast, OS was worse among patients with HCC and EHPC than among patients without EHPC who were categorized as HCC stage 1 (p = 0.039) and who had received curative therapy The analysis of the cumulative risk for HCC recurrence after curative therapy revealed no difference between the patients with and without EHPC (p = 0.442) (Fig 3A) . Moreover, survival did not differ between the patients with EHPC and the patients without EHPC before or after HCC diagnosis (Fig 3B) . 
Discussion
To the best of our knowledge, the present study examined the largest cohort in an area where HCC is highly endemic to investigate the impact of another primary cancer on patients with HCC. We found that a concurrent primary cancer was not uncommon and that most additional cancers developed before the diagnosis of HCC.
In the present study, we found that patients with EHPC were older, exhibited better liver reserve function, and were less likely to exhibit viral hepatitis etiology and harbored earlierstage, smaller tumors. Moreover, American and Japanese cohorts of patients with EHPC were predominantly older and male [14, 15] . Another study of a small Japanese cohort also demonstrated that viral hepatitis B and coexisting liver cirrhosis were less common among patients with EHPC [17] . However, a recent study of a Spanish cohort did not identify significant differences in the clinical characteristics or tumor status between patients with and without EHPC [18] . Our study is consistent with prior studies, showing that patients with EHPC are older and exhibit better liver function. However, our study is the first to describe a higher incidence of early stage HCC and smaller tumors among patients with EHPC. This finding was attributed to more frequent screening for liver metastasis in patients with EHPC.
As reported in previous studies, overall survival did not significantly differ between the patients with EHPC and without EHPC in our cohort of patients with HCC [18, 19, 20] . Interestingly, liver/HCC-related survival was significantly higher among the patients with EHPC in our cohort. This finding indicated that most patients with EHPC died from primary cancers other than HCC. This finding corroborated a recent report on a relatively small cohort from Korea [21] and was well-explained by the improved liver reserve function and the earlier HCC tumor stage among patients with EHPC compared with patients without EHPC. Moreover, the rate of recurrence after curative therapy, which had also never been studied, was also similar between the patients with and without EHPC. Moreover, the patients with EHPC who had an early HCC stage and received curative therapy showed worsening OS, but this difference disappeared when examining only HCC-related survival. This finding demonstrated that harboring another primary malignancy in addition to early stage HCC constituted a disadvantage.
In the present study, we did not find an impact of a second extra-hepatic malignancy on the survival of patients with HCC. With these results, we encouraged patients with HCC to maintain aggressive treatment for HCC even if a new second extra-hepatic malignancy is diagnosed. The results also encourage patients with HCC to acknowledge the possibility of a second extrahepatic malignancy and to undergo surveillance for other malignancies, especially patients with related risk factors.
Nevertheless, the present study was also subject to limitations. First, the clinical parameters, such as viral load and antiviral therapy, which may have influenced survival, were not analyzed because these data were not available from the cancer registration database. Second, the details of the EHPCs, such as the stage and the anti-cancer treatment, were also unavailable.
In conclusion, the prevalence of EHPC in areas where HCC is highly endemic did not differ from that found in previous studies conducted in other regions. The presence of EHPC worsened overall survival or resulted in HCC recurrence. However, the patients with EHPC demonstrated a better HCC tumor status and better HCC-specific survival, especially older patients, patients with viral hepatitis-related HCC and patients with late-stage HCC. The results support the screening of patients with HCC for other primary malignancies and screening patients for other pre-existing cancers in areas where HCC is highly endemic. Furthermore, the results also imply the necessity of managing other primary cancers to decrease the rate of non-liver/HCC-related death.
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